In this paper zinc stannate (ZnSnO 3 ) nanoparticles was synthesized by a chemical precipitation method. The synthesized samples were characterized using X-ray powder diffraction (XRD), Differential scanning calorimetry (DSC) and UV-Visible absorption spectroscopy. Sensing material was made as pellet by hydraulic press machine under uniform pressure of 616 MPa. Then the material was annealed at 600˚C. Surface morphologies of the samples were analyzed using Scanning electron microscopy (SEM) for pellet of different weight ratio annealed at 600˚C. The XRD pattern indicates that ZnSnO 3 has a perovskite phase with an orthorhombic structure having minimum crystallite size 4 nm. Further, humidity sensing investigations of these sensing materials were done. Our result indicate that ZnSnO 3 in form of pellet annealed at 600˚C for 1:4 weight ratio was most sensitive of humidity in comparison to pure SnO 2 under same conditions. Maximum sensitivity of the sample was 3 GΩ/% RH which is better in comparison to pure SnO 2 . The results were reproducible up to ± 77% after 2 months of observations.
Introduction
Zinc stannate or Zinc tin oxide (ZTO) is a class of ternary oxides that are known for their stable properties under extreme conditions and are useful for electrical as well as optical properties [1] [2] [3] [4] [5] [6] . Its unique physical, chemical and structural properties may play important role in humidity sensing. Humidity sensors have been important for the accurate control and reliable estimate of water vapours content in atmospheres from industrial processes to the general improvement of the quality of life [7] [8] [9] [10] [11] . Generally a humidity sensor has to possess fast response, high sensitivity, negligible hysteresis over periods of usage and possibly a large operating range for both humidity and temperature. The importance of humidity sensing has been well understood and many researchers have been focussed on the development of humidity sensitive materials [12] [13] [14] [15] [16] . Most humidity detection studies have investigated on the use of polymer [17] [18] [19] [20] [21] [22] and ceramic materials due to their low cost and excellent performance [23] [24] [25] [26] [27] . The aim of the present study has been to seek a material that possesses good sensitivity over the entire range of humidity and should be stable over time. As an n-type wide band gap semiconductor (E g = 3.6 eV) tin oxide nanostructures having rutile structure attracted great interest in recent years. ZnO is a wide band gap material with a direct band gap (3.37 eV) and large exciton binding energy of 60 MeV. Zinc and tin compounds have recently attracted considerable attention because they exhibit technological properties [28] , such as high capacity anode material, which can also be used to oxygen separation acting as a photo catalyst under the action of visible light, humidity and gas sensors [29] [30] [31] . Doping is an attractive and effective method for manipulating different applications of semiconductors. The mixture of ZnO and SnO 2 show high sensitivity due to heterogeneous interface between them. Sensitivity, selectivity, response time, recovery time and stability can be improved by incorporating different additives to SnO 2 . Composite type sensors were suggested to improve thermal reliability because they contain many heterogeneous interfaces between different phases. For example ZnO(n)-CuO(p), SnO 2 (n)-CuO(p), SnO 2 (n)-ZnO(n) composites showed enhance sensitivities in comparison to single phase materials [32] [33] . Composites are advantageous because they tend to be more porous. Especially SnO 2 can be made more porous with small amount of ZnO addition [34] . This porosity may play an imperative role in the humidity sensing because the pores of the materials serve as adsorption sites. The sensitivity of the sensor directly depends on these pores size. In this investigation we have prepared ZnSnO 3 by chemical precipitation method. The characterization of the materials was done by using various techniques such as X-ray powder diffraction, scanning electron microscopy and differential scanning calorimetry. Further the pellets were made using hydraulic press under uniform pressure of 616 MPa. These pellets were investigated by humidity sensing. Then results were plotted.
Experimental Procedure
ZnSnO 3 was prepared by using high purity AR grade chemicals ZnO and SnO 2 . ZnO was synthesized by the typical process, stoichiometric molar amount of zinc acetate [Zn(CH 3 COO)2·2H 2 O] was dispersed in double amount of distilled water and small amount (5 -10 ml) of polyethylene glycol as capping agent was also added. In order to obtain ZnO in hydroxide form a small amount of ammonium hydroxide was added drop wise. Magnetic stirring was done for 24 hours to ensure compete and intimate reaction between various components.The obtained precipitate was centrifuged and washed several times with deionised water to remove residual and other ions. The product was then dried for 6 hours at 120˚C in an electrical oven and calcined at 400˚C in air for 3 hours. Due to complete crystallization of precipitate, ZnO powder was obtained. Further, we have synthesized SnO 2 powder via mechanochemical method. SnCl2·2H 2 O is dissolved in distilled water with continuous stirring for 6 hours. Ammonium hydroxide was mixed drop wise in the solution under constant stirring. Further the solution was sonicated for 30 minutes using ultrasonic machine. The precipitate was washed repeatedly with distilled water. At this stage the product is referred to as-prepared hydrous SnO 2. The prepared hydrous SnO 2 was again washed with ethanol and further sonicated in ethanol for 30 minutes. SrCO 3 nanoparticles were prepared by dropping NH 4 HCO 3 solution into 0.05M Sr(NO 3 ) 2 and they were stirred continuously for 2 hours. Further this solution was sonicated for 30 minutes and washed by ethanol. SrCO 3 nanoparticles were dissolved in ethanol and form a suspension. This suspension was added to the ethanol treated hydrous SnO 2 suspension under stirring. 10% HNO 3 solution was added to this solution and further sonicated for 30 minutes. Finally HNO 3 solution was added to remove SrCO 3 particles. The mixture was evaporated on heating with stirring, dried at 120˚C and calcined at 600˚C for 2 hours. The solid product SnO 2 powder was obtained at this stage. The powder of SnO 2 and ZnO were taken in weight ratios of 1:1, 1:2, 1:3 and 1:4 respectively and were mixed in absolute ethanol with continuous stirring for 6 hours. The resulting solution was filtered and washed. Then washed sample was dried in oven at 120˚C for 2 hours. Finally a white coloured solid powder obtained after drying. The dried powder was annealed at 600˚C for 2 hours to improve the crystallinity of the material and to remove the residual stresses. Then prepared sample was examined with wide angle XRD analysis (X-Pert, PRO PANalytical XRD system, Netherland). The crystallite size of powdered material was calculated from the X-ray line broadening, using the Debye-Scherrer equation. The pellets of the powders were made by hydraulic press machine (M. B. Instruments, Delhi, India) under a uniaxial pressure of 616 MPa at room temperature. The pellets of different weight ratio were annealed at 600˚C. Hereafter, pellets synthesized in 1:1, 1:2, 1:3 and 1:4 named as ZS-1, ZS-2, ZS-3 and ZS-4 respectively. Each pellet was put within an Ag-pellet-Ag electrode system and exposed in a specially designed humidity chamber. Potassium sulphate (K 2 SO 4 ) solution in a dish was put within the chamber to increase the humidity from 10% to 95% in the chamber i.e. it acts as a humidifier whereas potassium hydroxide (KOH) solution acts as a dehumidifier i.e. to decrease humidity from 95% to 10%. The electrical resistance of the various pellets was measured using Keithley Electrometer (Model: 6514A).
Thin Film Deposition Techniques
The deposition of the film as functional layers on different substrates is an essential step in many fields of modern high technology with wide application range. The most important methods in the field of interest are subdivided into physical and chemical methods [35] . Physical methods may be characterized by an adsorption and condensation process of the atoms or molecules at the substrate surface. Chemical method involves chemical reaction and so-called precursor molecules dissociate at the hot substrate surface and release the atoms of interest. Among the chemical deposition methods, chemical solution deposition (CSD) is best suited in our case. This method comprises a range of deposition techniques and of chemical routes [36] . The process starts with the preparation of a suitable coating solution from precursors according to the designated film composition and the chemical route to be used. The coating solution is then deposited onto the substrate and the wet film may undergo drying, hydrolysis and condensation reactions depending on the chemical route. Sol-gel spin coating technique is one of the best methods of chemical solution deposition used to deposit uniform thin film [37] . It is advantageous over other conventional thin film techniques because it requires less equipment and is potentially less expensive. Besides this, microstructure and uniformity of the deposited film can easily be controlled by regulating the preparation condition viz. solution concentration/fluid density, fluid viscosity [38] , speed of the spinner and annealing temperature.
Result and Discussion

Scanning Electron Microscopy
Surface morphology of the sensing pellets ZS-1, ZS-2, ZS-3 and ZS-4 were investigated using Scanning electron microscopy (SEM, LEO-0430, Cambridge). Figures  1(a)-(d) shows SEM image of sensing pellets ZS-1, ZS-2, ZS-3 and ZS-4 respectively. pellet ZS-1. Now ZS-3 reveals that particles agglomerated each other leaving larger pores. Sensing material ZS-4 shows that most particles are spherical in shape having large amount of pores which is promising effect for good sensitivity. Higher porosity increases surface to volume ratio hence help in getting good sensitivity. As annealing temperature increases, the pores in the sample increases which results in absorption of more water vapour giving better sensitivity.
X-Ray Diffraction Analysis
X-ray powder diffraction (X-Pert, PRO PAN XRD system, Netherland) with CuK α radiation as source having wavelength 1.546 Å were performed for structural analysis and phase identification. pattern of ZnSnO 3 for 1:1 weight ratio. The XRD patterns indicate that ZnSnO 3 nanoparticles have a perovskite phase with orthorhombic structure. The peaks of XRD pattern of the sample was analyzed by matching with standard JCPDS data file. Crystallite size of powder was calculated using Debye-Scherer formula which is follows as:
where β is the full width at half maximum (FWHM) of the peak, λ is X-ray wavelength of CuK α , θ is the diffracttion angle and K = 0.94, a dimensionless constant.
The peak centered at 2θ = 38.26˚ is assigned to orthorhombic crystallite ZnSnO 3 reflection having d spacing 2.95 Ǻ and FWHM value as 2.7˚ gave the smallest size 4 nm. The highest intensity peak centered at 2θ = 33.64˚ is assigned to ZnSnO 3 reflection having d spacing 3.35 Ǻ and FWHM value as 1.62˚. Average crystallite size was found to be 6 nm.
Differential Scanning Calorimetry
Differential Scanning Calorimetry is a technique for recording the energy necessary to establish a zero temperature difference between a substance and a reference material against either time or temperature, as two specimens are subjected to identical temperature regimes in an environment heated or cooled at a controlled rate. The DSC pattern of ZnSnO 3 is shown in the Figure 3 . This DSC curve shows two endothermic peaks at 85˚C, 125˚C and an exothermic peak at 325˚C respectively. The endothermic peak corresponds to the dehydration of the precursor.
UV-Visible Absorption Spectroscopy
Optical characterization of the sensing material was done by using UV-visible spectrophotometer (Varian, Carry50Bio). UV-visible absorption spectroscopy is a very useful technique for characterizing optical and electronic properties of different materials such as thin films, filters and pigments. It measures the percentage of radiation in the ultra-violet (200 nm -400 nm) and visible (400 nm -800 nm) regions that is absorbed at each wavelength. Measurement of the electronic band gap of semiconductor or films is carried out using the data obtained by spectrophotometer. There is a sharp increase in absorption at energies close to the band gap that manifests itself as an absorption edge in the UV-visible absorption spectra. UV-visible absorption spectra of ZnSnO 3 in UV and visible range are shown in the Figure 4 . ZnSnO 3 nanoparticles reveal a strong change of their optical absorption when their size is reduced. The absorption peaks in UVvisible absorption spectra was observed at wavelengths 275 nm and 262 nm for samples ZS-1 and ZS-4 respectively. Therefore, absorption spectra of ZnSnO 3 nanoparticles shows blue shift in the absorption edge at 262 nm for ZS-4. The corresponding band gap to the peak wavelength at 262 nm was found 4.7 eV. It is evident that ZnSnO 3 shows significant blue shift of the absorption green is 60% RH and red is 80% RH. At low humidity adsorption of water vapour on pores takes rapidly so peak relative to the bulk absorption. A strong UV absorption peak and peak shift (from 275 nm to 262 nm) is seen due to the particle size difference. Generally, a blue shift is attributed to the broadening of the energy gap as a result of decreasing particle size observed in semiconductors [39] . This blue shift is useful for humidity sensing applications. Since, the humidity of blue is 20 % RH, change in resistance of the material with humidity changes rapidly. Therefore, sensitivity at low humidity is useful in humidity sensing which corresponds to blue shift. The range of % RH was divided into three regions visually dry (below 40% RH), medium (40% -70% RH) and very humid (above 70% RH). Initially the pellet surface was free of water molecules, having only dry air in its pores. When exposed to low humidity environment, adsorption of water vapour takes place rapidly on the surface of pellet. Due to high cationic charge density of metal oxide surface, the electrostatic force is high enough to break one of the O-H bonds of the H 2 O and form a strong chemical bond between M + and OH − . Thus initial layer is chemisorbed [40] .
Humidity Sensing Mechanism
The surface of materials was condensed due to water absorption and protons were conducted in form of aquatic layers. The mechanisms of the electrical response of semiconducting materials to humidity was explained taking consideration of the chemically and physically adsorbed layers of water molecules as well as capillary condensation of water inside tiny pores [41] . The porous microstructure and the surface reactivity with water are key parameters for the performance of semiconducting humidity materials [42] . Water is absorbed by porous materials when they were exposed to humidity leading to an increase of their electrical conductivity [43] [44] [45] . The larger is the surface area, larger is the content of adsorbed water, and consequently larger is the density of charge carriers usually protons. Sensor operation is based on either electronic or ionic conductivity. The fundamental mechanism that enables semiconducting sensors to humidity is the physisorption of water molecules on initially chemisorbed layer of hydroxyl ions [46, 47] . The conduction is due to Grotthuss chain reaction mechanism, through which proton tunnel from one water molecule to next via hydrogen bonding that exists universally. Physisorbed water dissociates into H 3 O + and OH -because of high electrostatic fields at the interface between the surface and adsorbed layer. Transportation of charge occurs due to movement of a proton from H 3 O + ion to an adjacent water molecule and so on. Now protonic conduction set up on the surface which causes the observed drop in resistance in humid atmosphere. Exponential dependence of resistance with relative humidity can be quantified by this mechanism.
The semiconducting humidity sensors usually work on the principle of amount of water adsorbed on the pellet surface. Adsorption generates the variation in electrical resistance with humidity. As relative humidity increases resistance decreases. Curve (a) and (b) in Figures 5-9 show humidity sensing characteristics of pellet annealed at 600˚C for ZS-1, ZS-2, ZS-3 and ZS-4 respectively. Curve (a) of Figure 5 shows that resistance decreases sharply in the lower humidity range, i.e. from 10% -35% RH and then further at high humidity there is a continuous decrease in resistance. Curve (b) of Figure 5 shows that resistance decreases sharply up to 25% RH and there is linear decrease for high range of humidity up to 65% RH, which is further continuously decreases. Curve Figure 6 shows sharp decrease up to 20% RH, following by linear decrease to 65% RH and then continuous decrease for high humidity. Sensitivity of a humidity sensor can be defined as the change in resistance (R) of sensing element per unit change in relative humidity (% RH). Average sensitivity is calculated by taking the average of all sensitivities ranging from 10 to 90% RH. Average sensitivity of the pellets, annealed at 600˚C, were found 0.2899 GΩ/%RH, 2.1294 GΩ/%RH, 2.2969 GΩ/%RH and 2.828 ~ 3 GΩ/%RH respectively. It has been observed that as the weight ratio of ZnO increases in SnO 2 sensitivity of the sensing material increases and it is maximum for 1:4 weight ratios i.e. for pellet ZS-4. The change in resistance depends on how the porosity of material changes on incorporation of ZnO in SnO 2 . As more active surface sites are available there was more change in resistance resulting in more sensitivity which is good for sensor fabrication. Material conductivity varies with amount of water vapour adsorbed by it. The relative sensitivity of the ZnSnO 3 nanoparticles based humidity sensor was determined by electrical measurements. In this process more of the surface area is exposed leading to more adsorption of water molecules. This increases the sensitivity of sensing elements. Figures 5-8 show 30%, 41%, 58% and 50% hysteresis of sensing element annealed at 600˚C for ZS-1, ZS-2, ZS-3 and ZS-4 pellets respecttively. After studying humidity sensing properties sensing elements have been kept in laboratory and their humidity characteristics were regularly monitored. To see the reproducibility, the sensing property of the sensing element was again examined in the humidity control chamber after two months. Figure 9 shows the reproducibility of sensing element annealed at 600˚C for ZS-4. The sensor was reproducible ±77% after two months. Average sensitivity of ZnSnO 3 for different weight ratio annealed at 600˚C was shown in the Figure 10. 
Optical Humidity Sensing
The modulation in the reflected intensity with respect to % RH can be explained on the basis of adsorption mechanism. As humidity inside the chamber increases continuously from 5% -95% RH, water vapour replaces the dry air which was already present in the pores of the film. The increase in humidity increases the adsorption of water vapours on the surface and their condensation in the pores of the film causing an increase in the refractive index and thickness of the film. The results obtained by experimental investigation which shown in Figure 11 . It shows the variation in reflected intensity with % RH for angle of incidence (θ i ) 54˚. This shows slow variation in intensity within the range of 10% -40% RH and then sensor showed quick response to moisture, and the average sensitivity is 4.4 µW/%RH. In the normal region (40% -70% RH) as the humidity increase, the water vapour starts adsorbing in the pore of sensing material which is slow process, due to which physical adsorption in this region was taken place. Average sensitivity is 3.3 µW/%RH. However, in higher humidity region (70% -95% RH) the capillary condensation of water vapour was taken place through the pore due to which the sensitivity further increased and it become 2.9 µW/%RH. Over the entire range of %RH, the average sensitivity is 3.6 µW/%RH. The average sensitivity of the sensor can be calculated using the formula:
Average Sensitivity μW %RH  Using the above formula average sensitivity of the sensor for θ i = 54˚ are 4.4, 3.3 and 2.9 respectively . Figure 12 shows the sensing behaviour for same angle of incidence θ i of the same sensor after one month duration. The reproducibility of the sensor was tested after one month and found reproducible with 92% reproducibility for θ i = 54˚.
Conclusions
Nanostructured ZnSnO 3 was successfully prepared via chemical precipitation method. Minimum crystallite size was found 4 nm. Surface morphology of ZS-4 shows that most particles are spherical in shape leaving more space as pores and hence it was most sensitive among all. Maximum average sensitivity for ZS-4 was 3 GΩ/%RH which is better in comparison to tin oxide for which maximum sensitivity was 2 MΩ/%RH after annealing both the pellets at 600˚C. Pellet annealed at 600˚C for ZS-4 have reproducibility ±77% after two months. This nanocom- posites carries a good scope for the development of moisture sensor in the range of relative humidity 10% to 90% RH. 
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